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Abstract 

 Interventional cardiology is commonly performed under fluoroscopic guidance. 

Radiation exposure of patients and providers has not been comprehensively studied, 

particularly the effect of Body Mass Index (BMI). In the present study, an evaluation of the 

radiation dose received by patient during diagnostic and interventional cardiology was 

investigated and correlated with patient's (BMI). Real-time monitoring of radiation doses was 

performed for 60 patients aged from new born to 32 years old and was classified in five 

groups depending on their BMI as follows: (BMI < 10), (BMI: 10-15), (BMI: 15-20), (BMI: 

20-25) and (BMI: 25-30). 

The results showed that, Patient doses were ranged from (0.9-4.3Gy.cm
2
) with an 

average 2.9 Gy.cm
2
, from (0.6-37.6 Gy.cm

2
) with an average 8.165 Gy.cm

2
, from (0.51-49.15 

Gy.cm
2
) with an average 17.0 Gy.Cm

2
, from (5.2 -101.3 Gy.cm

2
) with an average 40.1 

Gy.cm
2
 and from (53-175 Gy.cm

2
) with an average 117.7 Gy.cm

2
 respectively. From the data 

obtained, it is obvious that there are a significant positive correlation between Dose Area 

Product (DAP) and BMI. Patients with BMI more than 30 Kg/m
2
 need more radiation dose 

compared to patients with BMI lower than 30 Kg/m
2
.  

Patients with high BMI require more radiation dose in comparison to those with the 

small BMI. Due to the high radiation exposure during interventional procedures, it is 

important to monitor patient dose and awareness should be taken to reduce dose. DAP can be 

used as an appropriate measure of radiation exposure to patients especially in the absence of 

quality assurance programme in the department. 
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1- Introduction 

Interventional radiological procedures are increasingly used for the diagnosis and the 

treatment in clinical practice. They have many advantages such as improving the diagnostic 

quality of examinations and replacing surgery for the treatment. The interventional procedures 

are faster and cause less traumas and less complications following the interventional 

treatment. Patients can also recover soon from interventional procedures [1]. The 

disadvantages of Interventional radiological procedures is that it may lead to very high 

radiation doses due to exposure in both patients and medical professionals.   

Interventional cardiac procedures are known to give high radiation doses to patients 

because of prolonged use of fluoroscopy, multiple cine runs, and the complexity of the 
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procedures [2]. The radiation exposure issue in cardiac catheterizations is particularly relevant 

for infants and children because of their higher radio sensitivity compared with adults, the 

large fraction of the body irradiated by the x-ray beam, and the probable need to repeat the 

procedure [3]. In addition, cardiac catheterizations are being increasingly used for therapeutic 

purposes, possibly resulting in higher patient radiation doses [4]. When these facts are taken 

into account, there is a strong need to evaluate the doses delivered to patients who undergo 

such high-dose x-ray examinations. 

The most common procedures are Patent Ductus Arteriosus (PDA), percutaneous 

Coronary Intervention (PCI), Balloons Pulmonary Valvotomy (BPV), Pulmonary Stenosis 

(PS), Artial Septal Defect (ASD), Ventricular Septal Defect (VSD), Coronary Arterial 

Occlusions (CAO), Coronary Angiography (CA), Percutaneous Transluminal Coronary 

Angioplasty (PTCA), coils, etc. All these procedures contribute to high accumulated radiation 

doses to the patient and the staff [5–7].  

In the literature, various methods have been used to record the radiation dose to which 

patients have been exposed. Two of the most common ones are DAP and effective dose. DAP 

is a simple method, easy to measure and is the total amount of radiation emitted by the x-ray 

equipment. The most commonly used quantities are fluoroscopy time and DAP followed by 

the number of cine frames and effective dose. DAP (measured in Gy·cm
2
) is the product of 

the dose in air in a given plane by the area of the irradiating beam and is independent of the 

distance from the x-ray source because the decrease in dose with distance matches the 

increase in area. DAP is the initial quantity not only for estimating patient skin dose but for 

first establishing the stochastic risk of patients, characterized by effective dose (E) . DAP is 

measured by an ionization chamber incorporated into the x-ray equipment and includes field 

non-uniformity effects such as anode-heel effect and use of beam-equalizing shutters (lung 

shutter). However it does not provide any information regarding the spatial distribution of the 

entrance beam on patient’s skin [8-10]. Fluoroscopy time (usually measured in minutes) is a 

non-dosimetric quantity; however it is widely used to evaluate patient dosimetry since it is 

readily available and still the only dose metric routinely employed in many interventional 

laboratories. Nevertheless it does not incorporate information about dose rate and skin 

entrance ports [11]. Cine time and cine frames (measured in seconds and number 

respectively) are also non-dosimetric quantities which are readily available but have the same 

limitations as fluoroscopy time.  

Increasing patient  (BMI) results in greater scatter radiation during fluoroscopy, yet 

the impact of patient BMI on nurse radiation dose during coronary angiography has not been 

studied [12]. 

The aim of the present study was to assess whether patients with a larger BMI require 

longer fluoroscopy time or a larger radiation dose during interventional cardiology 

procedures. 

2- Methods and material 

2.1. Patient characteristics 

 A total of 59 patients (36 females and 24 males) were monitored in cardiac laboratories, 

El -Demrdash hospital, Cairo, Egypt, with age ranged from new born to 32 years. The study 

was conducted for both diagnostic and interventional procedures as shown in table 1.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/fluoroscopy
https://www.sciencedirect.com/topics/medicine-and-dentistry/absorbed-dose
https://www.sciencedirect.com/topics/medicine-and-dentistry/coronary-catheterization
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Table (1) No. of patients conducted the diagnostic and interventional procedures 

Interventional Diagnostic Clinical Indication 

Female Male Female Male 

0 2 8 6 PDA 

1 0 3 3 BPV 

0 0 2 1 Hemodynamic study 

3 2 2 1 ASD 

0 3 1 0 PCI 

1 2 0 0 VSD 

3 0 4 3 PS 

0 0 9 0 primarily study 

0 1 0 0 CAO 

 

 Patient data were registered including patient demographics (sex, weight, height,  

(BMI) and age) as shown in table 2. 

 

Table (2) Clinical characteristics of the studypatient 

F.T 

(min) 

BMI 

(Kg/m
2
) 

Weight 

(Kg) 

Height 

(Cm) 

Age 

Years)) 

No.  

13 

(2-75) 

15.78 

(8.65-29.38) 

24 

(3-80) 

109 

(50-176) 
(1 M -32 Y) 59 All 

7 

(2-75) 

14.7 

(8.65-25.25) 

17.5 

(3-62) 

98 

(50-172) 
(1 M-25y) 43 

Diagnostic 

24 

(12-55) 

18.3 

(13.2-29.38) 

39 

(11.5-80) 

136 

(86-176) 
(2Y-32Y) 16 

Interventional 

*M: Month, Y: Year 

 

2.2 Measurement of Radiation Dose and fluoroscopy time 

 All procedures were performed using Innova IGS 520, France image intensifier system. 

The system was set to pulsed cine acquisition at 7.5, 15, 30 frames/second. The tube 

angulations were adjusted to obtain optimal views. The system records the total radiation dose 

emitted during the whole procedure as (DAP). Data obtained are the total radiation exposure 

during combined fluoroscopy and cine image acquisition and expressed in Gy.cm
2
. According 

to the regular maintenance protocol, the image intensifier is calibrated yearly. The 

fluoroscopy time used in each case was recorded. The numbers of images obtained during a 

procedure were not automatically registered and thus, were not included in the database. 

 For radiation dose evaluation, Patients were divided into different categories according to 

their BMI (the weight (kg) of the patient divided by the square of the height (m
2
)). Group A 

with BMI <10 Kg/m
2
, Group B for those with BMI 10-15 Kg/m

2
, Group C for those with 

BMI 15-20 Kg/m
2
, Group D for those with BMI 20-25 Kg/m

2
 and Group E for those with 

BMI 25-30 Kg/m
2
. 
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2.3 Statistical Analysis 

Data analysis was performed using GraphPad Prism® version 7. Differences between 

the two groups of patients in terms of radiation dose values were evaluated for statistical 

significance. Differences were considered significant at correlation P <0.05. 

 

3- Results and discussion  

The radiation doses were significantly greater for patients with higher BMI. The linear 

regression analysis performed for data from interventional cardiology results. The statistical 

test demonstrated positive correlation (P<0.0001, r
2
 =0.326) between patients BMI and 

radiation dose (DAP) during interventional cardiac processes as shown in Figure (1). This 

finding suggests that the increased dose is likely due to x-ray output from the fluoroscope 

traversing a greater tissue mass. 
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Figure (1): the variation of radiation dose (Gy.cm
2
) with BMI 

When patients were divided according to their BMI into the five groups, with BMI < 

10, 10-15, 15-20, 20-25, and > 30 kg/m
2
, the mean radiation exposure dose in each group 

were calculated and presented in table 3 as mean ± standard deviation. The mean radiation 

dose exposure in each group was 2.9, 8.2, 17.0, 40.1, and 117.7 Gy.m
2
 respectively,  

(P < 0.0001). 

From the data obtained, the patients with a BMI > 30 kg/m
2
, require more radiation in 

comparison to patients with BMI < 10, 10-15, 15-20, 20-25 kg/m
2
, and BMI > 30 kg/m

2
. 

Many factors affect patient radiation dose such as X-ray system set-up, type of procedures 

(interventional or diagnostic), the complexity of the procedure, operator technique and clinical 

practice, all play a part.  
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Table (3) Patients Radiation dose (DAP) with different BMI 

BMI 

Kg/m
2
 

patient  

Total No.  

Age 

Mean 

(min.-max) 

DAP(Gy.Cm
2
) 

Mean 

(max-min) 

male female 

D I D I 

Group A 

<10 2 0 2 0 4 
0.7 

(0.4-1) 

2.9 

 (0.9-4.3) 

Group B 

10-15 9 2 13 3 28 
3 

(0.07-8) 

8.2 

 (0.6-37.6) 

Group C 15-

20 2 6 7 2 19 
7 

(0.42-17) 

17.0 

 (0.5-49.2) 

Group D 

20-25 
1 1 3 1 6 

19 

(11-25) 

40.1 

 (5.2-101.3) 

Group E 

25-30 
0 1 0 2 3 

26 

(19-32) 

117.7 

(53-175) 

*D means diagnostic, I means Interventional 

<
1 0

1 0 -1
5

1 5 -2
0

2 0 -2
5
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0
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Figure 2: Radiation dose to patients vs. BMI of each group 

From the obtained data, the mean exposure dose is affected by the BMI and the type 

of procedure (diagnostic or interventional). For group A, the DAP was ranged from (0.9 – 4.3 

Gy.Cm
2
) with average 2.9 for diagnostic procedures. For group B, the DAP was ranged from 

(0.6 – 16 Gy.Cm
2
) with average 2.4 for diagnostic procedures, while ranged from (11.7 – 37.6 

Gy.Cm
2
) with average 34.5 for the interventional procedures. For group C, the DAP was 

ranged from (0.5 – 7.9 Gy.Cm
2
) with average 1.2 for diagnostic procedures while, ranged 

from (18 – 49.2 Gy.Cm
2
) with average 37.9 for the interventional procedures. For group D the 

DAP was ranged from (5.9 – 18.75 Gy.Cm
2
) with average 10.3 for diagnostic procedures, 

while, ranged from (97 – 101 Gy.Cm
2
) with average 99.6 for the interventional procedures. 

For group E, the DAP ranged from (53 – 175 Gy.Cm
2
) with average 117.7 for the 

interventional procedures. 
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The mean value of the fluoroscopic time was 12.56 minutes. Figure (3),  shows that there is no 

significant difference between patients of different BMI and the fluoroscopic time. 
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Figure (3): The correlation between BMI and fluoroscopic time  

Conclusion  

 In conclusion, the study has shown that a patient’s body mass index has a significant effect 

on the amount of radiation delivered during interventional radiological deals. Cumulative 

DAP can serve as online monitor to provide the immediate readable dose. So, The DAP at the 

end of the procedure in patient’s record is necessary.  
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 عرثيخالثبللغخ لخص ه

 

 القلت التذاخليخ عوليبدأثٌبء  علي الجرعخ الإشعبعيخ للوريض  دراسخ تأثير هؤشر كتلخ الجسن
 

أسوبء صلاح
1

،هيبم أحوذ عجذ الغٌي
2

أحوذ عبدل طه ،
1

، حٌبى هحوذ ديبة
1

 

1
 هصر -القبهرح –هذيٌخ ًصر  –هيئخ الرقبثخ الٌوويخ والإشعبعيخ  –قسن الوقبيخ الإشعبعيخ  

2
 هصر -القبهرح  –جبهعخ عيي شوس  –كليخ الجٌبد للأداة والعلوم والترثيخ  –قسن الفيزيبء  

 هلخص الجحث:

دساست انخعشض ً. انفهٌسًسكٌبً جياص انخنظٍش  بٌاسطو عادة يا ٌخى إجشاء جشاحت انقهب انخذاخهٍت 

(. فً BMIبشكم شايم ، لا سًٍا حأثٍش يؤشش كخهت انجسى ) نى حخى نهًشضى ًيقذيً انشعاٌتالإشعاعً 

 تانقهب انخذخهٍ جشاحاثًىزه انذساست حى حقٍٍى انجشعت الإشعاعٍت انخً حهقاىا انًشٌض خلال انخشخٍص 

عٍت نهجشعاث الإشعا نهٌقج انفعهًأجشي سصذ  كًا(.BMIيع يؤشش كخهت جسى انًشٌض ) سحباط رنكًا

 (.DAPانجشعت ) يقذاسسنت باسخخذاو  32إنى  حذٌثً انٌلادةنسخٍٍ يشٌضا حخشاًح أعًاسىى يٍ 

±  2.0( بًخٌسظ 9900-4.34)( حشاًحج يٍ   BMI <10أظيشث اننخائج أٌ جشعاث انًشٌض عنذ )

جشاي.سى 2.96
2
 ( ،BMI: 10-15( ٍحشاًحج ي )بًخٌسظ 9964 -35.55 )جشاي .   892± 18.0

سى
2

 ، 

BMI: 15-20)( ٍحشاًحج ي )جشاي . سى 1593± 10.3 ( بًخٌسظ 9951 -40.15
2

 ،BMI: 20-

 ( حشاًحج يٍ (25

جشاي . سى( 592  -19193)
2
جشاي . سى 49.1±  46.5يع يخٌسظ  

2
 ،((BMI: 25-30 ٍحشاًحج ي )

جشاي . سى( 155-53)
2
جشاي . سى 115.665± 61.3بًخٌسظ   

2
. 

ًقج ( ٌضداد يع يؤشش كخهت انجسى ، ًنكٍ نى ٌظُيِش DAP)ًجذ أٌ يقذاس انجشعت  انذساسو انًقذيويٍ 

 .يع يؤشش كخهت انجسىبٍٍ يخخهف انًشضى  علاقوأي  حنظٍش انفهٌسًسكٌبً

 

 


